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(54) Alternator for vehicle 

(57) It is an object of this invention to provide an 
alternator for a vehicle in which all electric conductors 
forming bridge portions are sufficiently exposed to cool- 
ing winds so that the cooling performance is remarkably 
improved. It is another object of this invention to provide 
an alternator for a vehicle which is excellent in cooling 
performance, insulating characteristic, and heat resist- 
ing property. An alternator for a vehicle includes a sta- 
tor. The stator includes an iron core 22, an electric 
conductor 21 , and an insulator 23. The electric conduc- 
tor 21 forms a winding on the iron core 22. The insulator 
23 provides electric insulation between the electric con- 
ductor 21 and the iron core 22. The stator is supported 
by a housing. The dimension of openings of slots in the 
iron core 22 is smaller than the distance between inner 
side surfaces of the slots. The electric conductor 21 has 
accommodated portions accommodated in the slots, 
and bridge portions connecting the accommodated por- 
tions. Pieces of the electric conductor which extend out 
of the slots are approximately separated into a conduc- 
tor groups 21 f located on outer radial sides of the slots 
and a conductor group 21 g located on inner radial sides 
of the slots, and form the bridge portions. Predeter- 
mined gaps are provided between pieces of the electric 
conductor in the bridge portions. The bridge portions 
have ridge portions inclined in a same circumferential 
direction in each of the outer radial side and the inner 
radial side, and top portions connecting the ridge por- 
tions along an axial and radial direction. 



FIG. 1 
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Description 

This invention relates to an alternator for a vehicle 
such as a passenger automotive vehicle or a truck. 

There have been various proposals to provide s 
small-size high-power alternators for vehicles. 

Japanese published unexamined patent application 

6- 46550 discloses a way of improving the power gener- 
ation performance which uses a permanent magnet. 

To meet demands for downsizing, it is necessary to io 
use a small-size cooling fan in an alternator. The rate of 
air flow generated by the small-size cooling fan is rela- 
tively low. On the other hand, a high-power alternator 
generates an increased rate of heat. Thus, a high-power 
alternator with a small-size cooling fan tends to have the is 
problem of a temperature rise. 

Accordingly, to provide a small-size high-power 
alternator, it is necessary to remove the problem of a 
temperature rise. Especially, it is necessary to imple- 
ment effective heat radiation from electric conductors in 20 
a power generating stator under the size restrictions. 

Japanese published unexamined patent application 

7- 194060 discloses that water having a high heat radia- 
tion efficiency is used as coolant for an alternator. The 
alternator in Japanese application 7-1 94060 needs pip- 25 
ings for the cooling water, and a water jacket in the alter- 
nator body. Accordingly, the alternator in Japanese 
application 7-194060 tends to be heavy and large in 
size. Thus, the alternator in Japanese application 7- 

1 94060 does not meet demands for downsizing. 30 

General prior-art air-cooling techniques have a step 
of decreasing the temperature of coil end portions of 
electric conductors in a stator. The coil end portions are 
also referred to as the bridge portions. 

Japanese published examined patent application 4- 35 
24939, Japanese published unexamined patent appli- 
cation 63-59744, Japanese published examined utility 
model application 1-27406, and Japanese published 
unexamined patent application 57-132743 disclose 
improvements on bridge portions. 40 

According to these prior-art air-cooling techniques, 
pieces of an electric conductor which form bridge por- 
tions are arranged so that winds can efficiently flow 
therebetween and improved heat radiation can be 
attained. In the prior-art air-cooling techniques, bridge 45 
portions of electrical conductive wires are partially 
spaced from each other, and are in a flat and regular 
arrangement as a whole. In the prior-art air-cooling 
techniques, the bridge portions interfere with paths for 
cooling winds, and hence offer great resistances to the so 
cooling winds. An impregnation agent for fixing the 
bridge portions covers the surfaces thereof, and pro- 
vides an increased resistance to the cooling winds. 
Accordingly, the prior-art air-cooling techniques are 
poor in cooling performance. 55 

In a general prior-art structure, an electric conduc- 
tor in a stator is coated with an insulating film, and an 
impregnation agent for fixing the electric conductor is 



applied onto the insulating film. It is well-known that the 
insulating film considerably deteriorates the heat radia- 
tion from the electric conductor. Since sufficient insula- 
tion is necessary, it is impractical to remove or thin the 
insulating film. 

In a prior-art structure, the heat resisting property 
(the allowable temperature) of electric conductors 
coated with insulating layers is decided by the heat- 
deterioration temperature of the insulating layers in a 
region where the electric conductors overlap each 
other. Thus, it is difficult to improve the heat resisting 
property (the allowable temperature). 

This invention has been carried out in view of the 
above-mentioned problems. 

It is an object of this invention to provide an alterna- 
tor for a vehicle in which all electric conductors forming 
bridge portions are sufficiently exposed to cooling winds 
so that the cooling performance is remarkably 
improved. 

ft is another object of this invention to provide an 
alternator for a vehicle which is excellent in cooling per- 
formance, insulating performance, and heat resisting 
property. 

In order to attain the above-mentioned objects, this 
invention is designed as follows. 

According to claim 1 , pieces of an electric conduc- 
tor in bridge portions are spaced from each other, and 
insulating layers in the bridge portions are thinner than 
insulating layers in accommodated portions placed in 
slots. 

According to claim 2, electric insulating members 
are provided between the accommodated portions of 
the electric conductor and a core, and provide electric 
insulation between the accommodated portions of the 
electric conductor and the core. On the other hand, 
pieces of the electric conductor in the bridge portions 
are spaced from each other to provide electric insulation 
between the pieces of the electric conductor in the 
bridge portions. 

According to claim 3, the bridge portions of the 
electric conductor are smaller in cross-sectional area 
than the accommodated portions of the electric conduc- 
tor. 

According to claim 4, the bridge portions of the 
electric conductor are spaced from each other by a dis- 
tance of 0.5 mm or more, and are electrically insulated 
from each other. 

According to claim 5, a cooling fan is disposed at 
least at one axial end of the rotor opposing the stator. 

According to claim 6, the bridge portions of the 
electric conductor have first portions and second por- 
tions, the first portions extending and inclining in circum- 
ferential directions, the second portions extending in 
radial directions. In addition, axial -direction positions of 
the second portions are in an axial-direction range 
where the cooling fan is present. 

In claim 7, R' > r ^ R > r' for at least one side of the 
stator and the rotor, where R denotes a radial -direction 
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inside diameter of the bridge portions of the electric 
conductor, and R* denotes an inside diameter of the iron 
core, and r denotes a pole core outside diameter of the 
rotor, and r' denotes an outside diameter of the cooling 
fan. 

According to claim 8, the electric conductor com- 
prises a plurality of approximately U-shaped segments 
having straight portions inserted into the slots, and one 
side surface of the iron core is formed by turn portions 
of the U-shaped segments. In addition, the straight por- 
tions are uniformly arrayed and accommodated in said 
slots. 

According to claim 9, the insulating layers comprise 
insulating cover films on the electric conductor, and 
fixed insulating films formed by an impregnation proc- 
ess, and the bridge portions have only the insulating 
cover films or the fixed insulating films. 

According to claim 10, the insulating layers are 
absent from the electric conductor in the bridge por- 
tions. Thus, the electric conductor is naked metallic 
members at the bridge portions. 

In the invention of claim 1, pieces of the electric 
conductor in the bridge portions are spaced from each 
other, and the insulating layers in the bridge portions 
are thin. Therefore, the heat radiation from the surfaces 
of the electric conductor is remarkably improved, and a 
rise in the temperature of the electric conductor can be 
effectively suppressed. Thus, the heat deterioration of 
the insulating layer is suppressed. Since the pieces of 
the electric conductor in the bridge portions are spaced 
from each other, it is possible to improve both the heat 
resisting property (the allowable temperature) and the 
insulating performance related to the electric conductor. 

In the invention of claim 2, electric insulating mem- 
bers are provided between the accommodated portions 
of the electric conductor and the core of said stator, and 
provide electric insulation between the accommodated 
portions of the electric conductor and the core. On the 
other hand, pieces of the electric conductor in the 
bridge portions are spaced from each other to prevent 
the pieces of the electric conductor in the bridge por- 
tions from interfering with each other and also to provide 
electric insulation between the pieces of the electric 
conductor in the bridge portions. 

In the invention of claim 2, the insulating perform- 
ance related to the accommodated portions is remarka- 
bly improved. In addition, it is possible to sufficiently 
stand a mechanical stress during the insertion of the 
electric conductor. Although the insulating layers on the 
bridge portions are thin, it is possible to provide suffi- 
cient electric insulation. 

In the invention of claim 3, the bridge portions of the 
electric conductor are smaller in cross-sectional area 
than the accommodated portions of the electric conduc- 
tor. To implement the spaced bridge portions, the bridge 
portions are made smaller in cross-sectional area than 
the accommodated portions. Pieces of the electric con- 
ductor in the bridge portions are spaced from each 



other by gaps corresponding to the cross-sectional area 
difference. 

Thereby, the pieces of the electric conductor in the 
bridge potions can be spaced from each other without 

5 making the envelope dimensions (the axial-direction 
dimension and the radial-direction dimension) of the 
bridge portions greater than those in a prior-art struc- 
ture. Thus, it is possible to provide a small-size high- 
power alternator for a vehicle. 

io In the invention of claim 4, the bridge portions of the 
electric conductor are spaced from each other by a dis- 
tance of 0.5 mm or more. In this case, the electric insu- 
lation is practically sufficient, and effective heat 
radiation is available. 

i5 In the invention of claim 5, a cooling fan is provided 
on at least one of two ends of the rotor in an axial direc- 
tion. A flow of cooling air which is generated by the cool- 
ing fan meets the bridge portions of the electric 
conductor. Therefore, it is possible to effectively sup- 

20 press a rise in the temperature of the electric conductor. 
In the invention of claim 6, the bridge portions of the 
electric conductor have first portions and second por- 
tions, the first portions extending and inclining in circum- 
ferential directions, the second portions extending in 

25 radial directions. A cooling wind generated by the cool- 
ing fan is directed from the central axis toward a radially 
outward area. Therefore, the bridge portions of the elec- 
tric conductor which extend in radial directions are effi- 
ciently exposed to the cooling wind. Thus, the bridge 

30 portions which extend in the radial directions serve as 
efficient cooling fins (efficient heat radiation fins). The 
bridge portions forming the cooling fins are located in an 
axial-direction range where the cooling fan is present, 
and thereby the cooling wind generated by the cooling 

35 fan surely meets the cooling fins. 

The above-mentioned improvements on the electric 
conductor on the stator enable the invention of claim 7 
in which the outside diameter r' of the cooling fan is 
smaller than the pole core outside diameter r of the 

40 rotor. Thus, the cooling fan has a smaller diameter. 
Therefore, the fan noise can be reduced, and the cool- 
ing fan is subjected to a reduced centrifugal force. The 
cooling fan can be made of a thin and inexpensive 
member. Since the outside diameter r' of the cooling fan 

45 can be smaller, the radial -direction inside diameter R of 
the bridge portions can be smaller. As a result, the 
radial-direction outside diameter of the bridge portions 
can be decreased. Thus, it is possible to reduce the out- 
side diameter of the frame (the housing) which supports 

so the stator and the rotor. Accordingly, the miniaturization 
of the alternator for the vehicle can be implemented. 

In the invention of claim 8, the electric conductor 
includes a plurality of approximately U-shaped seg- 
ments. Thus, it is easy to process the electric conductor 

55 into a desired shape. The U-shaped segments can eas- 
ily be inserted into the slots in the stator while the bridge 
portions are separated from each other. Thus, it is pos- 
sible to remarkably reduce a manufacture cost. 
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In the invention of claim 9, the insulating layers are 
thinner. Thus, it is possible to further improve the heat 
radiation from the surfaces of the electric conductor. 
Accordingly, it is possible to effectively suppress a rise 
in the temperature of the electric conductor. 

In the invention of claim 10, the electric conductor in 
the bridge portions is exposed to the cooling wind. 
Thus, it is possible to further improve the heat radiation 
from the surfaces of the electric conductor. Accordingly, 
it is possible to effectively suppress a rise in the temper- 
ature of the electric conductor. 

Fig. 1 is a sectional view of an alternator for a vehi- 
cle according to a first embodiment of this invention. 

Fig. 2 is a perspective view of an electric conductor 
on a stator in the alternator of the first embodiment of 
this invention. 

Fig. 3 is a sectional view of the stator in the alterna- 
tor of the first embodiment of this invention. 

Fig. 4 are views of the stator in the alternator of the 
first embodiment of this invention. 

Fig. 5 is a diagram showing the relation among the 
temperature of an electric conductor, the magnitude of 
the gaps between pieces of the electric conductor, and 
the degree of insulation. 

Fig. 6 is a diagrammatic view of a stator in an alter- 
nator for a vehicle according to a second embodiment of 
this invention. 

Fig. 7 is a perspective view of an electric conductor 
segment used in a winding on a stator in the alternator 
of the second embodiment of this invention. 

Fig. 8 is a sectional view of the stator in the alterna- 
tor of the second embodiment of this invention. 

Ftg. 9 is a perspective view of the stator in the alter- 
nator of the second embodiment of this invention. 

Fig. 10 is a perspective view of electric conductor 
segments used in a winding on a stator in an alternator 
for a vehicle according to a third embodiment of this 
invention. 

Fig. 1 1 is a sectional view of the stator in the alter- 
nator of the third embodiment of this invention. 

Fig. 12 is a perspective view of the stator in the 
alternator of the third embodiment of this invention. 

First Embodiment 

With reference to Figs. 1 to 5, an alternator 1 for an 
automotive vehicle according to a first embodiment of 
this invention includes a stator 2, a rotor 3, a housing 4, 
and a rectifier 5. The stator 2 serves as an armature. 
The rotor 3 generates a magnetic field. The housing 4 
supports the stator 2 and the rotor 3. The housing 4 is 
also referred to as the frame 4. The rectifier 5 is directly 
connected to the stator 2. The rectifier 5 converts alter- 
nating current power into direct current power. 

The rotor 3 rotates together with a shaft 31. The 
rotor 3 includes a pair of Lundel-type pole cores 32, 
cooling fans 33, afield coil 34, and slip rings 35. 

The shaft 31 is connected to a pulley, being rotated 



and driven by an engine (not shown) mounted on the 
automotive vehicle for powering the same. 

The housing 4 has outlets 41 for cooling winds 
which extend in areas opposing electric-conductor 

5 bridge portions 21b of the stator 2. The housing 41 has 
end faces in an axial direction which are formed with 
inlets 42 for cooling winds. 

The stator 2 includes an electric conductor 21, an 
iron core 22, and an insulator 23. The electric conductor 

10 21 forms a winding on the iron core 22. The insulator 23 
provides electric insulation between the electric conduc- 
tor 21 and the iron core 22. The stator 2 is supported by 
the housing 4. The iron core 22 is of the multiple-layer 
type in which thin steel plates are laminated. The iron 

is core 22 has inner circumferential surfaces formed with a 
plurality of slots 24. Side surfaces of the slots 24 are 
approximately parallel to each other. The dimension of 
the open ends of the slots 24 is smaller than the dis- 
tance between the side surfaces thereof. 

20 The electric conductor 21 has accommodated por- 
tions 21a and bridge portions 21b. The accommodated 
portions 21a are placed in the slots 24. The bridge por- 
tions 21b connect the accommodated portions 21a. 
Segments of the electric conductor 21 which extend 

25 from the slots 24 are approximately separated into a 
conductor group 21 f located on outer radial sides of the 
slots 24 and a conductor group 21 g located on inner 
radial sides of the slots 24. The conductor groups 21 f 
and 2lg compose the bridge portions 21b. Adjacent 

30 conductor pieces in the bridge portions 21b are spaced 
from each other by a predetermined gap or a predeter- 
mined clearance. Each of the bridge portions 21b has 
two ridge portions 21b-1, and a top portion 21b-2 con- 
necting the ridge portions 21b-1 along an axial and 

35 radial direction. The ridge portions 21b-1 are inclined in 
a same circumferential direction in each of the outer 
radial side and the inner radial side. 

As shown in Fig. 2, conductor pieces in the bridge 
portions 21b are thinner than the accommodated por- 

40 tions 21a. In other words, the conductor pieces in the 
bridge portions 2 1 b are smaller in cross section than the 
accommodated portions 21a. 

In the embodiment of this invention, the electric 
conductor 21 can be formed by drawing parts of a circu- 

45 lar-cross-section wire coated with an insulating film, and 
thereby providing variations in the wire diameter. 

The insulator 23 has a shape such as shown in Fig. 
3. In the embodiment of this invention, the insulator 23 
uses a high heatproof film made of material containing, 

so for example, mica. 

The portions of the electric conductor which are 
accommodated in the slots 24 are subjected to an 
impregnation process to more firmly fix the positional 
relations among the iron core 22, the insulator 23, and 

55 the pieces of the electric conductor 21 . Thus, the pieces 
of the electric conductor 21 in the slots 24 are sur- 
rounded by an impregnation agent 26. The impregna- 
tion agent 26 forms a part of an insulating layer covering 
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the electric conductor 21 in the slots 24. Accordingly, 
the thickness of the insulating layers on the accommo- 
dated portions in the slots 24 is greater than the thick- 
ness of the insulating layers on the bridge portions by a 
value corresponding to the impregnation agent 26. 

The stator winding has three phases provided with 
phase ends 25. Regarding each of the three phases, a 
first end thereof is extended along an axial direction, 
and is electrically connected to an electrode 53 of a rec- 
tifying diode 53 in the rectifier 5. Second ends of the 
three phases are connected as a neutral point. 

An explanation will be given of the advantages pro- 
vided by the embodiment of this invention. According to 
the embodiment of this invention, in the bridge portions 
of the electric conductor, the direction of the inclination 
of the ridge portions in the conductor group located in 
the outer radial side can be equal to the direction of the 
inclination of the ridge portions in the conductor group 
located in the inner radial side. Thus f it is possible to 
prevent the conductor group in the outer radial side and 
the conductor group in the inner radial side from over- 
lapping and interfering with each other. As shown in Fig. 
2, pieces of the electric conductor in the bride portions 
21b are thinner than the accommodated portions 21a of 
the electric conductor. Therefore, it is easy to provide 
predetermined gaps between adjacent pieces of the 
electric conductor for electric insulation. Even in the 
case where such predetermined gaps are actually pro- 
vided, there is the advantage that the envelope dimen- 
sions (the axial-direction dimension and the radial- 
direction dimension) as a whole of the bridge portions of 
the electric conductor can be equal to or smaller than 
those in a prior-art structure- 
In the embodiment of this invention, the gap (the 
spacing) between the pieces of the electric conductor in 
the bridge portions is set to, for example, about 0.5 mm. 
Fig. 5 shows the relation among the temperature of the 
electric conductor, the magnitude of the gaps between 
the pieces of the electric conductor, and the degree of 
the insulation which is obtained by various experimental 
tests. It is shown in Fig. 5 that gaps of 0.5 mm or more 
suffice for insulation and cooling. On the other hand, 
gaps of less than 0.5 mm cause increased resistances 
to cooling winds through the regions between the 
pieces of the electric conductor, thus hardly providing 
an adequate cooling performance. In the case of gaps 
of less than 0.5 mm, the affections of a variation in the 
temperature of the electric conductor and a vibration 
caused by the engine make it difficult to provide suffi- 
cient insulation. Thus, it is preferable to set the gaps to 
about 0.5 mm. 

In the embodiment of this invention, the insulating 
layer covering the electric conductor 21 is thin so that 
the heat radiation from the electric conductor 21 is 
improved. Pieces of the electric conductor 21 in the 
accommodated portions 21a are sufficiently electrically 
insulated from the iron core 22 of the stator 2 by the 
insulator 23. Pieces of the electric conductor 21 in the 



bridge portions 21b are prevented from interfering with 
each other. The pieces of the electric conductor 21 in 
the bridge portions 21b are spaced from each other, 
and are hence electrically insulated from each other. 

5 Since the insulating layer covering the electric con- 
ductor 21 is thin, the heat radiation from the surfaces of 
the bridge portions of the electric conductor 21 is 
remarkably improved. Thus, it is possible to effectively 
suppress a rise in the temperature of the electric con- 

w ductor 21 in the stator 2. 

Therefore, the heat deterioration of the insulating 
layers is suppressed. Since the pieces of the electric 
conductor 21 in the bridge portions are spaced from 
each other, it is possible to improve the heat resisting 

is property (the allowable temperature) of the electric con- 
ductor 21 and the insulating performance. 

In the embodiment of this invention, the insulating 
layers are made of the high heatproof material. Accord- 
ingly, the heat resisting property (the allowable temper- 

20 ature) of the stator 2 is remarkably improved. 

In the embodiment of this invention, the cooling 
fans 33 are provided on the ends of the rotor 3 in the 
axial direction. The cooling fans 33 are of the built-in 
type or the inner type. The housing 4 has the outlets 41 

25 which extend in the areas opposing the electric-conduc- 
tor bridge portions 21b. Accordingly, cooling air flows 
from the central axis toward the outlets 41 of the hous- 
ing 4 through the gaps between the electric-conductor 
bridge portions 21b along the radially outward direc- 

30 tions. Since the pieces of the electric conductor 21 in 
the bridge portions 21b are spaced from each other, the 
surfaces of the pieces of the electric conductor 21 are 
surely exposed to the cooling winds. Thus, it is possible 
to improve the cooling performance. The cooling air 

35 enables a sound wave to be repetitively reflected and 
absorbed in the regions around the pieces of the elec- 
tric conductor 21. Accordingly, noise sound is remarka- 
bly reduced. 

The tops of the electric-conductor bridge portions 

40 21b have shapes extending along the directions of flows 
of the cooling air. The cooling fans 33 are in axial posi- 
tional agreement with the tops of the electric-conductor 
bridge portions 21b. Accordingly, the tops of the elec- 
tric-conductor bridge portions 21b serve as effective 

45 heat radiation fins. Thus, it is possible to further improve 
the cooling performance. 

As previously explained, the embodiment of this 
invention makes it possible to remarkably improve the 
cooling performance related to the electric conductor 

so 21 . Since the pieces of the electric conductor 21 in the 
bridge portions 21b are spaced from each other, resist- 
ances to the cooling winds can be greatly decreased. 
Thus, it is possible to miniaturize the cooling fans 33 or 
to decrease the diameter of the cooling fans 33. The 

55 small-size fans 33 generate reduced fan noise. The 
small-size fans 33 are subjected to decreased centrifu- 
gal forces. The small-size fans 33 can be made of a thin 
and inexpensive member. In accordance with a reduc- 
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tion in the size of the cooling fans 33, the outside diam- 
eter of the electric-conductor bridge portions 21b can 
be decreased. Thus, it is possible to reduce the outside 
diameter of the frame (the housing) 4 which supports 
the stator 2 and the rotor 3. Accordingly, the miniaturiza- 
tion of the alternator 1 for the vehicle can be imple- 
mented. 

Second Embodiment 

Figs. 6 to 9 show a stator 6 in an alternator for an 
automotive vehicle according to a second embodiment 
of this invention. 

The stator 6 includes electric conductor segments 

61, an iron core 62, and an insulator 63. The electric 
conductor segments 61 compose a winding on the iron 
core 62. The insulator 63 provides electric insulation 
between the electric conductor segments 61 and the 
iron core 62. 

The winding is composed of the electric conductor 
segments 61 which are electrically connected. The 
winding includes turn portions 61 d and connected por- 
tions 61 e. The turn portions 61d are located on one side 
of the iron core 62 in an axial direction. The connected 
portions 61 e are located on the other side of the iron 
core 62 in the axial direction. 

The electric conductor segments 61 have accom- 
modated portions 61a and bridge portions 61b. The 
accommodated portions 61a are placed in slots 64 in 
the iron core 62. The bridge portions 61b connect the 
accommodated portions 61a. Adjacent bridge portions 
61b are spaced from each other by a predetermined 
gap or a predetermined clearance which can provide 
electric insulation. The bridge portions 61b have ridge 
portions 61b-1 and top portions 61b-2. The ridge por- 
tions 61b-1 are inclined in a same circumferential direc- 
tion in outer layers and inner layers. The top portions 
61b-2 connect the ridge portions 61b-1 in an axial and 
radial direction. The top portions 61b-2 form the turn 
portions 61 d and the connected portions 61 e. 

As shown in Fig. 7, the bridge portion 61b of each 
electric conductor segment 61 has stepped portions 
61c. Thus, the cross-sectional area of each bridge por- 
tion 61b is smaller than that of each accommodated 
portion 61a. 

Each of the electric conductor segments 61 is 
made of a bare metal member. Each of the electric con- 
ductor segments 61 may be made of a metal member 
coated with an insulating film. Generally, the electric 
conductor segments 61 are formed by, for example, a 
pressing process. Thus, it is possible to reduce a mate- 
rial cost and a processing cost. 

As shown in Fig. 8, the insulator 63 has an approx- 
imately S shape in order to provide insulation between 
the electric conductor segments 61 and the iron core 

62, and insulation between the electric conductor seg- 
ments 61 in each of the slots 64 in the iron core 62. In 
the embodiment of this invention, the insulator 63 uses 



a high heatproof film made of material containing, for 
example, mica. 

The portions of the electric conductor which are 
accommodated in the slots 64 are subjected to an 

5 impregnation process to more firmly fix the positional 
relations among the iron core 62, the insulator 63, and 
the electric conductor segments 61 . Thus, the electric 
conductor segments 61 in the slots 64 are surrounded 
by an impregnation agent 66. The impregnation agent 

io 66 forms a part of an insulating layer covering each of 
the electric conductor segments 61 in the slots 64. 
Accordingly, the thickness of the insulating layers on the 
accommodated portions 61a in the slots 64 is greater 
than the thickness of the insulating layers on the bridge 

75 portions 61 b by a value corresponding to the impregna- 
tion agent 66. 

The winding on the stator 6 is formed as follows. U- 
shaped electrically-conductive segments 61 are pre- 
pared which have approximately equal shapes. As 

20 shown in Fig. 7, each of the U-shaped segments 61 has 
an outer- layer-side conductor portion 61 f, an inner- 
layer-side conductor portion 61 g, and a conductor turn 
portion 61 d. The U-shaped segments 61 are arranged 
with respect to the iron core 62 so that the turn portions 

25 61 d will align with each other on one side of the iron 
core 62 in the axial direction. The U-shaped segments 
61 are inserted into the slots 64 in a manner such that 
the outer-layer-side conductor portions 61f are located 
in outer areas of the slots 64 while the inner-layer-side 

30 conductor portions 61 g are located in inner areas of the 
slots 64. For example, each of the U-shaped segments 
61 is formed by bending a copper plate and pressing it 
into an approximately U shape. The U-shaped seg- 
ments 61 are pressed into the slots 64 so that the outer 

35 radial side surfaces and the inner radial side surfaces of 
the accommodated portions 61a will engage the side 
surfaces of the slots 64 via the insulators 63. 

Then, the ends of the outer-layer-side conductor 
portions 6lf remote from the turn portions 6ld are bent 

40 toward a first circumferential direction while the ends of 
the inner-layer-side conductor portions 61 g are bent 
toward a second circumferential direction opposite to 
the first circumferential direction. Subsequently, the 
ends of the U-shaped segments 61 are connected so 

45 that the electric conductor segments 61 in each com- 
mon phase will be electrically connected together. 

An explanation will be given of the advantages pro- 
vided by the embodiment of this invention. According to 
the embodiment of this invention, in the bridge portions 

so of the electric conductor, the direction of the inclination 
of the ridge portions located in the inner layer side can 
be equal to the direction of the inclination of the ridge 
portions located in the outer layer side. Thus, in each of 
the inner layer side and the outer layer side, it is possi- 

55 ble to prevent the ridge portions from interfering with 
each other. 

As shown in Fig. 7, the electric-conductor bridge 
portions have the stepped portions 61c. Thus, sufficient 
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gaps can be provided and the ridge portions of the elec- 
tric conductor can be prevented from interfering each 
other even in regions where the inner-layer-side and 
outer-iayer-side ridge portions are inclined and are 
adjacent to each other as crosses while the envelope 
dimensions (the axial-direction dimension and the 
radial -direction dimension) of the bridge portions of the 
electric conductor are prevented from becoming greater 
than those in a prior-art structure. 

In the embodiment of this invention, the windings 
on the stator 6 do not use any insulating film covering 
the electric conductor which would deteriorate the heat 
radiation from the electric conductor. Although the elec- 
tric conductor segments 61 are made of the bare metal 
members, the insulator 53 provides sufficient electric 
insulation with respect to the accommodated portions 
61 a. The bridge portions 61b are spaced from each 
other so that they can be prevented from interfering with 
each other, and that sufficient electric insulation can be 
provided therebetween. 

In the embodiment of this invention, the electric 
conductor uses the approximately U-shaped segments. 
Thus, it is easy to provide the electric conductor with the 
stepped portions 61c. in addition, it is easy to process 
the electric conductor into a desired shape. The bridge 
portions can be made separate from each other without 
using any special jig. Thus, it is possible to remarkably 
reduce a manufacture cost. 

Third Embodiment 

Figs. 10 to 12 show a third embodiment of this 
invention. While two electric conductor segments are 
inserted into one slot in the stator in the second embod- 
iment of this invention, four electric conductor segments 
are inserted into one slot in a stator in the third embodi- 
ment of this invention. The third embodiment of this 
invention is similar in basic structure to the second 
embodiment thereof. 

In the third embodiment of this invention, electric 
conductor segments 7a and 7b approximately corre- 
spond to possible halves of the electric conductor seg- 
ment 61 in Fig. 7, respectively. The electric conductor 
segments 7a and 7b are electrically insulated from each 
other as follows. 

A U-shaped member is halved into electric conduc- 
tor segments 7a and 7b. The electric conductor seg- 
ment 7a is located outward of the electric conductor 
segment 7b. The outer-side electric conductor segment 
7a has stepped portions similar in shape to the stepped 
portions in the electric conductor segment 61 of Fig. 7. 
The inner-side electric conductor segment 7b is pro- 
vided with stepped portions at two sides of a bridge por- 
tion. The stepped portions in the electric conductor 
segments 7b are designed to provide sufficient insulat- 
ing gaps in regions where the bridge portions are 
inclined and are adjacent to each other as crosses after 
the electric conductor segments 7a and 7b are inserted 



into slots in the stator. 

As shown in Fig. 11, two approximately S-shaped 
insulators 73 are arranged in each slot in the stator. The 
two insulators 73 provide insulation in the slot. The por- 

5 tions of the electric conductor which are accommodated 
in the slots are subjected to an impregnation process to 
more firmly fix the positional relations among an iron 
core 72, the insulators 73, and the electric conductor 
segments 7a and 7b. Thus, the electric conductor seg- 

io ments 7a and 7b in the slots are surrounded by an 
impregnation agent 76. 

Other Embodiments 

75 While the electric conductor pieces in each slot in 
the stator are separated into the two electric conductor 
groups corresponding to the inner radial side and the 
outer radial side respectively in the first embodiment of 
this invention, more electric conductor groups may be 

so formed. 

As previously explained, two electric conductor 
segments are inserted into one slot in the stator in the 
second embodiment of this invention. Four electric con- 
ductor segments are inserted into one slot in a stator in 

25 the third embodiment of this invention. The third embod- 
iment of this invention provides advantages similar to 
those provided by the second embodiment thereof. 
More electric conductor segments may be inserted into 
one slot in a stator. 

30 After the impregnation process, insulating material 
may be applied to the bridge portions of the electric con- 
ductor to form insulating films covering the bare metal 
wires in the bridge portions. 

35 Claims 

1 . An alternator for a vehicle, comprising: 

a Lundel-type field rotor with N and S poles 
40 formed alternately in a circumferential direc- 

tion; 

a stator disposed around said rotor so as to 
confront an outer periphery of said rotor; and 
a frame supporting said rotor and said stator; 

45 wherein said stator comprises a lami- 

nated core with a plurality of slots and electric 
conductors accommodated in said slots; 
said electric conductors comprising accommo- 
dated portions and bridge portions, said 

so accommodated portions being accommodated 

in said slots, said bridge portions connecting 
said accommodated portions, wherein pieces 
of said electric conductor in the bridge portions 
are spaced from each other, said bridge por- 

55 tions having insulating layers, said accommo- 

dated portions having insulating layers, 
wherein said insulating layers in said bridge 
portions are thinner than the insulating layers in 
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said accommodated portions. 

2. An alternator according to claim 1, wherein said 
accommodated portions of said electric conductors 
are insulated from each other by an electrical insu- 
lating material interposed between abutting sur- 
faces of said electric conductors and between each 
electric conductor and the core of said stator, while 
said electric conductors are spatially spaced fro 
providing electrical insulation at said bridge por- 
tions. 



cover films on said electric conductor, and fixed 
insulating films formed by an impregnation process, 
and said bridge portions have only the insulating 
cover films or the fixed insulating films. 

10. An alternator according to one of claims 1 to 8, 
wherein said electric conductor is naked metallic 
members at said bridge portions. 



3. An alternator according to claim 1 or 2, wherein 
said bridge portions of said electric conductor nei- 
ther overlap nor contact each other, and said bridge is 
portions of said electric conductor are smaller in 
cross-sectional area than said accommodated por- 
tions of said electric conductor. 



4. An alternator according to one of claims 1 to 3, 20 
wherein said bridge portions of said electric con- 
ductor are spaced from each other by a distance of 

0.5 mm or more, and are electrically insulated from 
each other. 

25 

5. An alternator according to one of claims 1 to 4, 
wherein a cooling fan is disposed at least at one 
axial end of said rotor opposing said stator. 

6. An alternator according to one of claims 1 to 5, 30 
wherein said bridge portions of said electric con- 
ductor have first portions and second portions, said 
first portions extending and inclining in circumferen- 
tial directions, said second portions extending in 
radial directions, and wherein axial-direction posi- 35 
tions of said second portions are in an axial-direc- 
tion range where the cooling fan is present. 

7. An alternator according to claim 5 or 6, wherein FT 

> r ^ R > r' for at least one side of said stator and 40 
said rotor, and R denotes a radial<lirection inside 
diameter of said bridge portions of said electric 
conductor, and R' denotes an inside diameter of 
said laminated core of said stator, and r denotes a 
pole core outside diameter of said rotor, and r* 45 
denotes an outside diameter of the cooling fan. 



8. An alternator according to one of claims 1 to 7, 
wherein said electric conductor comprises a plural- 
ity of approximately U-shaped segments having so 
straight portions inserted into said slots, and said 
U-shaped segments have turn portions positioned 

at one side of said laminated core of said stator, 
and wherein the straight portions are uniformly 
arrayed and accommodated in said slots. 55 

9. An alternator according to one of claims 1 to 8, 
wherein said insulating layers comprise insulating 
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of the slots, and form the bridge portions. Predeter- 
mined gaps are provided between pieces of the electric 
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